Artibeus obscurus (Mammalia: Chiroptera) is endemic to South America, being found in at least 18 Brazilian states. Recent studies revealed that different populations of this genus present distinct phylogeographic patterns; however, very little is known on the population genetics structure of A. obscurus in the Amazon rainforest. Here, using a fragment (1010 bp) of the mitochondrial gene cytochrome b from 87 samples, we investigated patterns of genetic divergence among populations of A. obscurus from different locations in the Brazilian Amazon rainforest and compared them with other Brazilian and South American regions. Analysis of molecular variance (AMOVA), fixation index (Fst) analysis, and phylogeographic patterns showed divergence between two major monophyletic groups, each one corresponding to a geographic region associated with the Atlantic and Amazon forest biomes. The Atlantic forest clusters formed a monophyletic group with a high bootstrap support and a fragmented distribution that follows the pattern predicted by the Refuge Theory. On the other hand, a different scenario was observed for the Amazon forest, where no fragmentation was identified. The AMOVA results revealed a significant geographic heterogeneity in the distribution of genetic variation, with 70% found within populations across the studied populations (Fst values ranging from 0.05864 to 0.09673; φ ST = 0.55). The intrapopulational analysis revealed that one population (Bragança) showed significant evidence of population expansion, with the formation of 2 distinct phylogroups, suggesting the occurrence of a subspecies or at least a different population in this region. These results also suggest considerable heterogeneity for A. obscurus in the Amazon region. Key words: Amazon forest, Artibeus, cytochrome b, phylogeography The chiropterofauna in the Neotropics is one of the most abundant and diverse of the world, contributing between 40% and 60% of the total mammalian diversity of neotropical forests (Simmons and Voss 1998). Bats fill ecologically pivotal roles within natural systems and agricultural areas as they can be pollinators and seed dispersers for many tropical plants (Racey and Swift 1995) , significant predators of agricultural pests (Pierson 1998) , and in some cases, top-order predators (Norberg and Fenton 1988) . So, one might expect bats to show a markedly different phylogeographic pattern from that seen in nonvolant mammals, such as rodents and marsupials (Ditchfield 2000) .
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diverse group of neotropical bats, which encompasses at least 12 nominal species (Larsen et al. 2007; Redondo et al. 2008; Larsen et al. 2010a) . It is one of the most extensively studied neotropical bat genera, serving as a model for several studies in ecology (Muscarella and Fleming 2007) , conservation (Medellin et al., 2000) , behavioral analysis , and phylogeography (Larsen et al. 2007; Redondo et al. 2008) . The natural history of Artibeus is still unclear, but traditionally, Artibeus s.l. has been split in 2 groups based on the body size. The subgenus Dermanura includes smaller species, whereas the larger ones are included in the subgenus Artibeus (Artibeus s.s.) . Moreover, recent studies have revealed a potential unrecognized species-level variation within this genus (Guerrero et al. 2004; Larsen et al. 2007 Larsen et al. , 2010a Redondo et al. 2008) as well as different phylogeographic patterns, ranging from total absence of geographic pattern in A. lituratus to a strong pattern associated to different biomes, as seen in the Brazilian populations of A. obscurus (Galetti et al. 2008) .
A. obscurus is endemic to South America, occurring in Venezuela, Colombia, Guyana, Ecuador, Bolivia, Peru, and Brazil. It is found in at least 18 Brazilian states, except in Rio Grande do Sul state (Tavares et al. 2008) , and the Amazon Basin is considered the center of its distribution (Eisenberg and Redford, 1999; Haynes and Lee 2004; Marques-Aguiar 2007; Simmons 2005) . Based on the morphology, A. obscurus is considered monotypic (Marques-Aguiar 2007) . Nevertheless, morphological analyses have not addressed the patterns of intraspecific variation in much detail (Marques-Aguiar 1994) .
Although the phylogenetic relationships of A. obscurus to other Artibeus species have been extensively investigated (Marques-Aguiar 1994; Lim 1997; Guerrero et al. 2004 Guerrero et al. , 2008 Haynes 2004; Lim et al. 2004; Larsen et al. 2007 Larsen et al. , 2010a Porter et al. 2007; Hoofer et al. 2008; Redondo et al. 2008 ), evolutionary processes at the intraspecific level and regional variations, especially in the Amazon rainforest, have yet to be investigated.
The present study uses cytochrome b (CytB) sequences and a more extensive sampling to infer the phylogenetic relationships among Artibeus obscurus populations, focusing especially on those from the Amazonian biome. We analyzed geographic (population and regional) genetic structures and compared them with those from other Brazilian and South American regions. The present study aimed to answer the following questions: 1) Does A. obscurus displays the same phylogeographic pattern described by Galetti et al. (2008) when we add more sample sites from Amazon biome? and 2) Does this biogeographic pattern correspond to the expected distribution of lineages under the refuge hypothesis as has been demonstrated for others bats?
Methods

Taxon Sampling and DNA Sequencing
Mitochondrial CytB gene sequences of 33 specimens of A. obscurus were obtained from 5 different localities in the Amazon region: 4 in Pará State (Ponta de Pedras, São Geraldo do Araguaia, Altamira, and Bragança) and 1 in Amazonas State (RDS Amanã) (Figure 1 ). Samples were collected using mist nets in the Amazon region during the surveys between 2002 and 2008, and a fragment of muscle tissue was taken from each sample for molecular analysis. Sample collection and sampling procedures were approved by the Brazilian Institute of Environment and Renewable Natural Resources.
Total DNA was isolated using the phenol-chloroform protocol as described by Sambrook and Russell (2001) . Genomic DNA was used as template for polymerase chain reaction (PCR) in order to amplify the CytB gene. Each PCR had a final volume of 25 µl and contained 100 ng of DNA, 2.5 µl of 1× reaction buffer, 0.5 mM of each primer, 0.03 U/μL Taq DNA polymerase, 1.5 mM MgCl 2 , 0.1 μg/μL bovine serum albumin and 1.25 mM of each dNTP. The primers used for amplification and sequencing were L14724 and H15915, both described by Kocher et al. (1989) and CytB313F (GGATCCTATACATACTCAG) and CytB690R (AGGCTTTTTAGTAATACTT), both developed by our group.
PCR profiles included an initial denaturation step at 94 °C for 1 min, followed by 35 cycles of denaturation at 94 °C for 1 min, annealing at 56 °C for 1 min, polymerization at 72 °C for 2 min, and a final extension at 72 °C for 10 min. All PCR products were separated on (1%) agarose gels and stained with ethidium bromide. All PCR products were purified using kit EZ-10 Spin Column PCR Products Purification KIT (Ludwig Biotec, Porto Alegre-RS, Brazil). Purified PCR products were sequenced using an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA).
Phylogenetic Analyses
The data set included 33 sequences from the present work and 53 retrieved from GenBank ( Redondo et al. 2008) , and to reduce the computational time of the analysis.
All sequences were aligned using the default settings of ClustalW implemented in the software BioEdit Version 7.0.9 (Hall 1999) and then checked manually. Identical sequences were excluded of the analyses.
Genetic distances were generated with MEGA software (Kumar et al. 2004 ) using the Kimura 2-parameter model to compare with other molecular studies of Artibeus obscurus (Ditchfield 2000; Redondo et al. 2008) . The TCS software (Clement et al. 2000) was used to generate the haplotype network and analyze intraspecific relationships.
Maximum parsimony (MP) analyses were conducted using PAUP* Version 4.0b10 (Swofford 2001) . Heuristic searches were used to find the most parsimonious tree(s) and performed using the tree bisection-reconnection branch-swapping algorithm. One thousand random sequence addition replicates were used to minimize the chance of finding only locally optimal trees (Maddison 1991) . All sites were equally weighted, and gaps were treated as missing characters. Confidence in the nodes was assessed by 1000 bootstrap replications.
In order to conduct a Maximum Likelihood (ML) analyses, the best-fit model of molecular evolution (GTR + I + U) was selected by the Akaike Information Criterion (AIC) as implemented in Modeltest (Posada and Crandall 1998) . ML analyses were conducted using Garli Version 0.951 (Zwickl 2006) to generate 1000 ML bootstrap replicates with the generation threshold (without an improvement in topology) halved to 5000 as suggested by Zwickl (2006) . This procedure was repeated 5 times from random starting trees using the autoterminate setting and default parameters. The replicates were summarized as a majority-rule consensus tree in PAUP* to assess nodes support.
The Bayesian posterior probabilities (PP) were conducted using MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001) , with random starting trees without constraints. Four simultaneous Markov chains were run for 4 × 10 6 generations, with trees sampled every 100 generations. Stationarity was assessed by examining the standard deviation of split frequencies and by plotting the −ln L per generation using Tracer version 1.3 (Rambaut and Drummond 2007) . Trees generated before stationarity were discarded as ''burn-in."
The best-fit model of molecular evolution (GTR + I + ſ) was selected by the AIC as implemented in Kakusan3 program (Tanabe 2007 ) and used as priors in PP.
The Bremer support values (decay index[DI]) were estimated for the nodes in strict consensus tree of the parsimony analyses using the ratchet method (Müller 2004) implemented in PAUP* Version 4.0b10 from a batch file produced by the software PaupRat (Sikes and Lewis 2001) . A total of 18 runs of 200 iterations and 1 run with 1000 iterations with 20% of characters re-weighted were made.
Demographic History
The population demographic expansion was tested by mismatch distribution analysis and neutrality tests. Mismatch distribution analyses were implemented to detect historical demographic expansions. Significant difference from a model of sudden expansion was assessed using the sum of squared deviations (SSD) with parametric bootstrapping (10 000 replicates). All analyses were conducted in Arlequin Version 3.5 (Excoffier and Lischer 2010) .
Genetic Structure and Diversity DNASP 5.1 (Rozas et al. 2003) and Arlequin Version 3.5 (Excoffier and Lischer 2010) were used to examine nucleotide site polymorphism, haplotypic diversity (Hd), unique haplotypes and nucleotide diversity (π) of each sample group. An analysis of molecular variance (AMOVA) (Excoffier et al. 1992 ) was performed using Arlequin in order to evaluate genetic differentiation within the 2 major groups (samples from Amazon and Atlantic Forest) and between groups of populations. Populations were grouped into 5 groups according to either different geographic hierarchies that matched the CytB lineages recovered in the phylogenetic analyses or geographic proximity.
Results
Molecular Variation
The data set included 53 sequences used by Redondo et al. (2008) , available at GenBank, as well as 33 newly generated sequences in the present study. For information about all individuals with their respective localities, Genbank access numbers, and haplotype frequencies see Supplementary Material 1 online. The complete CytB data set (1110 bp alignment) shows that 858 characters were constant and 252 variables, from which 106 present singletons (autapomorphic) and 146 present parsimony informative characters.
Within the 87 individuals being sampled, 56 unique haplotypes were identified. Identical sequences from the same population were excluded from some analyses to prevent repetitive sampling and minimize computational time. However, due to the populational analysis, identical haplotypes from different populations were maintained in the data bank (see Supplementary Material 1 online). The haplotype diversity (h) for this data set was very high (h = 0.9778), but the nucleotide diversity was very low (π = 0.02438). The highest number of unique haplotypes was found in the Bragança region (9 unique haplotypes), followed by RDS Amanã (5 unique haplotypes), whereas Altamira, São Geraldo do Araguaia, and Ponta de Pedras presented the same index (2 unique haplotypes).
Evolutionary Relationships
Phylogenetic analyses using MP, ML, and Bayesian methods resulted in trees with identical topologies (Figure 2) . The parsimony analysis resulted in 390 most parsimonious trees, and the strict consensus tree measured 417 steps long and had a high retention index (RI = 0.857), consistency index (CI) of 0.642, and homoplasy index (HI) of 0.357. Maximum likelihood analysis resulted in 1 tree with a −ln-likelihood (−lnL) of 2854.5.
The tree is geographically structured, and haplotypes from neighbouring locations are mostly clustered. Five geographic groups were identified with high support: West Amazon Forest (WAF) (samples from Acre, Mato Grosso and Roraima states), AM (samples from Amazonas state), PA (samples from Pará state), North Atlantic Forest (NAF) (samples from Bahia, Espírito Santo, Paraíba, Rio Grande do Norte and Minas Gerais states) and South Atlantic Forest (SAF) (samples from São Paulo and Paraná states) (Figure 2 ).
The distribution of each of these groups in the south continent can be seen in Figure 1 .
The most obvious features of the gene tree is that A. obscurus haplotypes can be assigned in 2 highly divergent and extremely well supported clusters, hereafter referred as Amazon forest and Atlantic forest. These two cluters are separated by an average nucleotide divergence of 3%, and their origin appear to be monophyletic relative to the outgroup. The next visible cluster was formed by the Peruvian haplotypes of A. obscurus, which diverged at the base of the tree, with 3.8% and 4.1% of divergence from Amazon and Atlantic forests samples, respectively, and is more basal than either the Atlantic or the Amazon clusters (Figure 2) .
The Amazon forest clade includes 6 major monophyletic groups representing distinct biomes and geographic regions. There was a high level of congruence between the topologies of the tree (Figure 1 ) and the network obtained after TCS analysis (Supplementary Material 2 online), with the evident presence of 5 unconnected haplotype networks representing the geographic groups identified in the tree, with no shared haplotype among the 2 biomes (Amazon forest and Atlantic forest), which indicates a significant geographic differentiation between these populations.
The most frequent haplotype of Pará state were in the phylogroup Bragança 1 (H14), followed by Bragança 2 (H12), from which were derived all the observed haplotypes from Altamira, Ponta de Pedras, Porto de Trombetas areas, and even samples from the Amazonas state (see Supplementary Material 1 online). Both phylogroups (Bragança 1 and 2) formed 2 clearly different and unrelated groups, with average nucleotide divergence of 2%. Bragança 1 presented low nucleotide diversity (0.00075) compared with Bragança 2 (0.00414). Another isolated ancestral haplotype was identified in the region of Bragança (H18) but in low frequency. All haplotypes found in the region of Bragança are sympatric.
Population Genetic Structure
The structure found in the phylogenetic analyses was also observed in the population level analyses. The demographical dynamics of the 2 main biomes groups were inferred from mismatch distributions. The results show that the distribution for the pooled populations fitted multimodal curves, which do not deviated significantly from the expected distribution under the population growth model (Figure 3) . When we performed independent demographic histories for each population, the mismatch distributions and all the applied neutrality tests were mostly nonsignificant, except for the SAF population (Tajima's D = −1.83; Tajima's D P value = 0.01) and PA population (SSD = 0.030; SSD P value = 0.04) (Table 4) , indicating a significant difference from what would be expected under neutrality.
The results of the AMOVA revealed a significant geographic heterogeneity in the distribution of genetic variation (Table 3) , of which 70% was distributed within the groups and 30% among groups. The estimated Fst values between the populations ranged from 0.05864 to 0.09673 (Table 2) , with the highest Fst value (0.09673) between the PA and WAF populations, and the lowest Fst (0.05864) between the SAF and NAF populations. Intrapopulational analysis revealed that the PA population has a significant evidence of population expansion, with multimodal mismatch distribution (SSD=0.03; SSD P value = 0.04) (Figure 4) .
Discussion
Biogeographic Pattern
Population genetic studies of bats have shown a mixed pattern, with some populations characterized by a poor structure (Wilkinson et al. 1996) , whereas others have a strong population structure (Miller-Butterworth et al. 2003; Worthington et al. 1999; ) . In our work, we reported a pattern of a strong population structure in A. obscurus that corresponds to different ecodomains similar to what has been previously described in other neotropical bats, such as Desmodus rotundus (Martins et al. 2007 ) and Lonchorhina aurita (Lopes et al. 2009 ). Phylogenetic reconstruction shows that the samples from Peru diverged from the other terminals at the base of the tree, with a nucleotide divergence of 3.8% and 4.1% from Amazon and Atlantic forests samples, respectively. These high values of divergence may be explained by the emergence of the Andes, around 2.7 million years ago (Gregory-Wodzicki 2000), which caused a geographic isolation and blocked gene flow among A. obscurus populations from Brazil and Peru, a pattern also described for different taxa (Cracraft and Prum 1988; Brumfield and Capparella 1996; Zamudio and Greene 1997; Cortés-Ortiz et al. 2003; Dick et al. 2003; Zeh et al. 2003; Bermingham 2004, 2005; Cheviron et al. 2005) . According to Larsen et al. (2010b) , the maintenance of distinctive phenotypes and genotypes among sympatric mainland species (e.g., A. amplus, A. obscurus, A. lituratus, and A. planirostris, from east of Andes mountains and A. lituratus and A. jamaicensis, from west of Andes and in Central America) provides evidence that reproductive isolation (preor postzygotic) occurs in mainland populations. The split of the 2 major clusters of A. obscurus and their correlation with the Amazon and Atlantic Forest biomes is very clear in our study and in agreement with the biogeographic provinces described by Koopman (1976) . According to this theory, there are 2 major endemism areas in Brazil-West and East-separated by the "diagonal dry belt" of Cerrado. The inclusion of samples from São Geraldo do Araguaia, a transitional region between Amazonian and Cerrado biomes (Silva et al. 2001) , and the sample from Aripuanã (Mato Grosso) revealed clades (Amazon and Atlantic Forest) separated by the "diagonal dry belt" in Central Brazil. However, it also showed that these samples have a phylogenetic affinity with the Amazon clade instead of forming an independent clade, as would be expected if the pattern was the result of genetic drift associated with an isolation caused by geographic distance. This result describes a similar pattern to that found by Costa (2003) , who noted that small nonflying mammals (rodents and marsupials) collected in the Cerrado area also had phylogenetic affinity with its population of origin, which was always either the Amazon or Atlantic forest.
Some studies based on the phylogeographic data using molecular-based estimates of divergence times have suggested that the diversification of A. obscurus occurred approximately 2 million years ago, coinciding with the phenomenon of climatic oscillations that are believed to have caused the forest vicariance during the Pleistocene (Galetti et al. 2008; Larsen et al. 2010b) .
The Refuge Theory is one of the most-discussed models of diversification to explain the speciation process during the Pleistocene. It postulates that during the glaciation period the rainforests were reduced to refuges isolated by open areas and that organisms isolated from those refuges could have diverged and originated new lineages. Then, in the next interglacial period, the forest expanded and those new forms would be in secondary contact (Brown et al. 1979; Haffer and Prance 2001; Haffer 1969 Haffer , 2008 . This theory predicts high species endemism and high genetic diversity in areas of high stability or that were forest in the past (refugial zones) and, in contrast, lower diversity, lower endemism, and molecular signatures of recent range expansion within species in unstable, recently recolonized regions (nonrefugial areas) (Carnaval and Moritz 2008) .
This theory provides a suitable explanation for our results from the Atlantic Forest samples: a composite area, with haplotypes from the Northeast area unconnected with those from South/Southeast area, a pattern already observed in other bats, such as Desmodus rotundus (common vampire bat) (Martins et al. 2009 ), Carollia perspicilatta (short-tailed fruit bat) (Pavan et al. 2011) , and Lonchorhina aurita (Lopes and Ditchfield 2009) . The difference observed in our work between NAF and SAF clades is in agreement with the aforementioned results in other bats, which led us to the discussion about the influence of the latitudinal gradient in A. obscurus. The scenario of fragmentation described for the Atlantic Forest seems to be different in the Amazon Forest (Lessa et al. 2003; Colinvaux 2005; Carnaval and Moritz 2008) . Samples from Amazon Forest formed several internal clades with high support values. This includes samples from Barcelos and most specimens from Santa Izabel do Rio Negro, both from Amazonas state, which are more phylogenetically related to samples from Venezuela and WAF (Roraima, Acre and Mato Grosso states) (bootstrap-MP = 93%, DI = 7, bootstrap-ML = 97%, PP = 100%), and with significant Fst values in pairwise comparisons between them ( Table 2 ), suggesting that an active gene flow among populations is responsible for maintaining the low levels of genetic divergence (2%) observed within these populations.
On the other hand, the specimens from Pará state, especially from Bragança, formed 2 noncorrelated clades: one of them grouping with samples from RDS Amanã, Marajó, Altamira, and São Geraldo do Araguaia (bootstrap-MP = 95%, DI = 3, bootstrap-ML = 96%, PP = 100%) (named Bragança 1) and the other forming a monophyletic group with high support (bootstrap-MP = 96%, DI = 3, bootstrap-ML = 92%, PP = 99%) (named Bragança 2). Conversely, samples from Marajó and Altamira showed no phylogeographic pattern, whereas all samples from São Geraldo do Araguaia remained together.
Our phylogenetic and haplotype network analyses showed the lack of a geographic structure within the Amazon forest, with the haplotypes from Pará and Amazonas states forming 2 large heterogeneous clusters. This result is in agreement with many phylogeographic studies in the neotropics that describe the Amazon region as a mosaic (Bates et al. 1998; Costa 2003; Cracraft and Prum 1988) with regard to either intraspecific or intrageneric diversification.
Our observed average divergence between geographically close populations (3%) was consistent with those found by Ditchfield (2000) (3.3%). However, our results indicate that this variation is much higher than what was described by Redondo et al. (2008) , whose low divergence values probably resulted from the small number of sample points for the Amazon region.
The higher frequency of ancestral haplotypes in sympatry was observed in the region of Bragança, which yielded all observed haplotypes of Altamira, Ponta de Pedras, Porto de Trombetas areas, and even samples from Amazonas state, leading us to hypothesize that the region of Bragança, a coastal region located in Pará state, is the center of origin of A. obscurus, instead of the Amazon Basin (Guerrero et al. 2004; Haynes and Lee 2004; Marques-Aguiar 2007; Tavares et al. 2008) . It also suggests that Amazonia, especially the western area, has played an important role in the divergence and speciation of several taxa in the Neotropics (Avise 1998; Avise et al. 1998; Brumfield and Edwards 2007; Haffer 1969) , such as birds (Haffer 1969) , primates (Ruiz-García et al. 2006; Lavergne et al. 2010) , carnivores (Ruiz-Garcia et al. 2007) , rodents (da Silva and Patton 1998), and tapirs .
Our results on the nucleotide divergence (2%) between both phylogroups of Bragança region (Bragança 1 and Bragança 2) is higher than the average suggested by Baker and Bradley (Baker and Bradley 2006) for intraspecific divergence among Artibeus (1.4%), suggesting that they could be separated into different intraspecific or specific taxonomic categories. This finding is in agreement with the hypothesis that additional species-level variation may exist in some Artibeus species, like in A. jamaicensis, A. Lituratus, and A. obscurus (Larsen et al. 2007 (Larsen et al. , 2010a (Larsen et al. , 2010b Redondo et al. 2008) . Moreover, according to Baker and Bradley (2006) most of the populational studies about geographic and local variation of mtDNA haplotypes did not show a high level of intrapopulational variation but instead reveal a high level of intraspecific variation that is geographically defined.
Another hypothesis that may explain the genetic isolation of these groups of the Bragança region could be associated with a migration event from a group of A. obscurus to this region, or associated to a possible reproductive isolation mechanism. This hypothesis is in accordance with Larsen et al. (2010b) , which proposes the occurrence of differential rates of reproductive isolation within the radiation of Artibeus as this genus is the youngest and most specious lineage of the family Phyllostomidae (Baker et al. 2003 (Baker et al. , 2012 .
Tropical bat species may also migrate frequently in response to the seasonal availability of food resources. By examining the degree of population subdivision in bat species, a greater understanding of seasonal movements and mating behavior may be attained. Migratory species may show low structure levels among populations, whereas sedentary species may exhibit a greater degree of genetic differentiation among populations (Burland and Wilmer 2001) . Studies of migratory species using mtDNA markers further confirm the predicted pattern of little or no clear genetic structure over broad distances. For example, individual lesser long-nosed bats, Leptonycteris curasoae sampled at distances up to 1800 km apart were found to share identical mtDNA haplotypes (Wilkinson and Fleming 1996) .
Finally, our analyzes showed that the unnamed taxon (EU160865) of the Acre state, near the border with Peru, identified by Redondo et al. (2008) was diverging from all other haplotypes of A. obscurus, with an average nucleotide divergence of 7.4% relative to all haplotypes. When we compared the divergence values of this haplotype with the populations of the Pará and Amazonas states, these values reached 8%, higher than those found by Redondo et al. (2008) . A detailed morphological and molecular analysis of individuals from the area between Venezuela and Peru is needed to evaluate the taxonomic status those populations.
Conclusions
This is the first study that specifically addresses A. obscurus phylogeography in the Amazon region. The CytB analysis showed deep divergence between reciprocally monophyletic clusters representing distinct biomes within the Neotropics. There was also a clear East/West division within South America, where the coastal Atlantic forest was separated from the Amazon and the Pantanal by the "diagonal dry belt" of Cerrado, with open formations. In addition, the historical demography, with a population expansion at the southern Brazil (SAF population) is compatible with the model of historic Atlantic forest dynamics proposed by Carnaval and Moritz (2008) . Our results suggest the presence of at least 2 different taxonomic categories (species or subspecies) in the Bragança population (North of Brazil), which could be explained by a migration event associated to a possible reproductive isolation mechanism.
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